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The Buildings Sector
The Natural Edge Project
The buildings sector is responsible for close to 40 per cent of global greenhouse
gas emissions;1 hence achieving significant improvements in energy productiv-
ity in this sector is a critical component of enabling nations to achieve
long-term goals for greenhouse gas stabilization. Also, buildings are responsi-
ble for 12 per cent of global water use,2 hence this chapter, focused mainly on
energy, also presents strategies to reduce water requirements in buildings by at
least 80 per cent. Water productivity strategies do not simply help reduce
demand for potable water, but also yield significant energy savings through the
reduced requirement to service a building with potable water.3
1 The residential buildings sector
The potential for Factor Five improvements in residential homes
resource productivity
An integrated approach to reducing energy consumption
In 1997, the book Factor Four presented a number of best practice case studies
of the time, such as the Rocky Mountain Institute Headquarters and residential
buildings in Davis, California, to show that through design changes and utiliz-
ing the latest technologies significant improvements in resource productivity
could be achieved in the residential sector. At the time this was a bold claim;
ten years on, however, in 2007 the Intergovernmental Panel on Climate Change
(IPCC) 4th Assessment’s Mitigation Working Group’s report had a chapter on
residential and commercial buildings which confirmed that not just a Factor 4
improvement could be achieved, but in fact Factor Five improvements in
energy productivity can be achieved through a whole systems approach.4
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Hence we have deliberately chosen to provide appropriate and relevant quotes
from this latest IPCC report in this chapter to demonstrate to what extent the
arguments made over ten years ago by Factor Four are now mainstream. For
instance, the main message of Factor Four, concerning buildings, was that
large energy productivity gains could be made by taking a whole-of-system
approach to identifying and implementing energy productivity opportunities.
The need for a systems approach also underpins the IPCC’s latest chapter on
this sector. According to the IPCC:
Energy efficiency strategies focused on individual energy-using
devices or design features are often limited to incremental
improvements. Examining the building as an entire system can
lead to entirely different design solutions. This can result in new
buildings that use much less energy but are no more expensive
than conventional buildings. The systems approach in turn
requires an integrated design process, in which the building
performance is optimized through an iterative process that
involves all members of the design team from the beginning.5
Achieving Factor Five improvements in the residential building sector is impor-
tant because it will make a significant difference to reducing greenhouse gas
emissions, as according to the International Energy Agency residential build-
ings consume 27.5 per cent of the world’s electricity, some 4.3 million GWh
(4300 billion kWh),6 with this consumption covering a range of end-uses such
as heating and cooling, heating water, appliances and equipment, indoor light-
ing and refrigeration. The relative consumption in each of these areas varies
from country to country as can be seen in Figure 2.1.
Considering this, and taking an integrated approach suggested by the
IPCC, this chapter will focus on the following five areas, systematically assess-
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Source: Based on data from (a) EIA (2006),7 (b) Zhou (2007),8 and (c) IEA (2003)9 and Waide et al (2004)10
Figure 2.1 Breakdown of residential sector energy use in the United States 
in 2005, in China in 2000, and in the EU-15 in 2004
(a) (b) (c) 
ing their relative energy demands and investigating a range of possible methods
for reducing this demand, namely:
1 space heating and cooling;
2 hot water systems;
3 appliances;
4 indoor lighting;
5 refrigeration.
Progress to reduce energy consumption across these end-uses will become an
area of increased activity as governments around the world begin to require
improved energy performance from homes as part of national greenhouse
reduction strategies. For example, the UK government set the target in late
2008 that all homes built in the UK after 2016 will be ‘zero-carbon’ homes, as
part of its commitment to reduce greenhouse gas emissions by 80 per cent by
2050. As Housing Minister Margaret Beckett stated in a press release in 2008.
Climate change is one of the biggest challenges facing the world,
and introducing zero carbon homes is an important part of our
plans to tackle this… I am absolutely committed to our 2016
target, and this demanding goal is already spurring action here
and abroad.11
Such a bold move by the government has created significant interest in devel-
opments that already meet these criteria, with the Beddington Zero Energy
Development (also known as BedZED12) one of the early standouts. According
to George Monbiot, in his recent book Heat, ‘BedZED uses just 10 per cent of
the energy that ordinary buildings of the same size would need for heating’.13
When considering energy consumption in the home, one may ask, if we can
source our energy from renewable sources, then why do we need to be
efficient? Among the many reasons is simply ‘economics’. In this chapter we
have chosen to focus on reducing energy consumption based on the fact that in
order to cost-effectively transition the energy sector away from fossil fuel-
based energy generation and towards renewable decentralized options, the
demand for energy needs to be significantly reduced. Once the demand is
reduced, potentially by as much as 60–80 per cent, the task to meet this
demand using renewable options will be much more feasible in the short term,
and thus will assist in delivering the significant reductions in greenhouse gas
emissions required globally. Evidence from around the world presented in the
following Sector Study confirms that significant reductions in residential
energy requirements can be achieved, and further, that the designs do not need
to be ‘stark’ or ‘space aged’ and can look very ‘normal’, as many leading
examples now show, such as in Figure 2.2.
These and a growing number of residential developments are now employ-
ing a number of energy-saving methods which, when combined, give them
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Factor Five or more improvements in energy consumption. As part of this
chapter we will outline various methods to reduce energy consumption, within
each of the five major areas – space heating and cooling, domestic hot water,
appliances, lighting and refrigeration. However, as it is the integration of these
methods that achieves the Factor Five or more improvement in household
energy consumption, before doing so Dr Wolfgang Feist will explain the
impressive ‘Passivhaus’ as an example of best practice in residential building
energy design.
Best Practice case study – The ‘Passivhaus’
This case study was contributed on invitation from Ernst von Weizsäcker by
Dr Wolfgang Feist, Passive House Institute, and edited by The Natural Edge
Project.
The leading practice in residential home energy performance is the
‘Passivhaus’. According to the Passive House Institute, ‘A Passive House is a
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Notes: (a) The Folsom home is the product of a collaboration between BP Solar, OCR Solar & Roofing, R.J. Walter
Homes and the Sacramento Municipal Utility District.14 It is the first Leadership in Energy & Environmental Design
(LEED) Platinum home on the west coast of the US, exceeding the LEED requirements and achieving an 83 per
cent energy demand reduction.
(b) The Paterson home is the first single family residence on the east coast of the US to earn LEED Platinum. 
(c) Eco-apartments in China.
Source: Courtesy of (a) the Sacramento Municipal Utility District (Photo by Judy Lew-Loose), (b) BASF Corporation,
and (c) The Shanghai Research Institute of Building Sciences
Figure 2.2 (a) Home of the Future, Folsom, Sacramento, 
(b) The BASF Near-Zero Energy Home in Paterson, and 
(c) Eco-apartments in Shanghai, China
(a) (b) 
(c) 
building in which a comfortable interior climate can be maintained without
active heating and cooling systems.’ Accreditation as a ‘Passive House’ by the
Institution is subject to three main criteria:
1 Annual heat and cooling requirement of less than 15kWh/m2/year, without
alternative heating options.
2 Very low building envelope air gaps, tested to less than 0.6ACH at 50
pascal pressure, measured by the blower door test – meaning that with the
building de-pressurized to 50Pa below atmospheric pressure by a blower
door, the building must not leak more air than 0.6 times the house volume
per hour.
3 Primary energy consumption is less than 120kWh/m2/year, including heat,
hot water and household electricity.
This is achieved by a combination of a range of options, including passive solar
design, using super-insulation, using advanced window technology using heat
recovery ventilation (HRV) and using efficient systems for generating the heat.
The resulting designs deliver homes that achieve significant reductions in
energy requirements compared to the standard design, predominantly from
reduced requirements for space heating (and space cooling in warmer climates)
along with reductions in domestic hot water, and household electricity for
appliances, lighting and refrigeration.
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Source: Provided by Dr Wolfgang Feist, Passive House Institute
Figure 2.3 Cross-section through a typical German or Austrian Passive House
The Passive House is the paradigm for the principles of Factor Five, and
results in ultra-efficient buildings that require less than one-tenth of the energy
demanded for space heating in average buildings, while keeping comfort at a very
high level. According to the Passive House Institute, Passive House designs have
achieved significant reduction in heating requirements in Germany with a Factor
Five improvement over contemporary German standards, and a Factor 10
improvement over the average German building stock, as shown in Figure 2.4.
To be able to meet the criteria for a Passive House a number of design
tools need to be employed, and the Passive House Institute has developed the
‘Passive House Planning Package’ (PHPP) to assist design. Using the PHPP, the
Cost Efficient Passive Houses as European Standards initiative (CEPHES)15
calculated the potential reductions in space heating demand using ‘Passive
House’ methods for over 100 dwellings in 11 sub-projects across Germany,
Austria and Switzerland. The results showed significant opportunities to
reduce the heating demand in the order of 70–90 per cent across the
dwellings. These results were verified through the measured performance of
the buildings, and Figure 2.5 below shows the actual performance of the
constructed dwellings compared with the demand from conventional 
new buildings, with similar geometry and built in accordance with locally
applicable law.
Passive Houses achieve such significant reductions in the requirements for
space heating using a number of methods, including:
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Source: Provided by Dr Wolfgang Feist, Passive House Institute
Figure 2.4 Comparison of energy requirements in Passive Houses – less then
15kWh/m2/year – to average existing and ordinary new buildings
• Making use of passive solar design: Where possible, buildings are compact
in shape to reduce their surface area, with the greatest windows oriented
towards the south (in the northern hemisphere) to maximize passive solar
gain.
• Super-insulation: Passivhaus buildings employ super-insulation to signifi-
cantly reduce the heat transfer through walls, roofs and floors. A wide
range of insulation materials and construction details can be used to
provide the required low U-values, typically 0.10–0.15W/m2K in central
Europe, and 0.05–0.1W/m2K in northern and eastern Europe. Special
attention is given to reduce thermal bridges to almost zero.
• Advanced window technology: Central European Passive House windows
are manufactured with exceptionally low U-values, typically
0.7–0.85W/m2K for the entire window including the frame. These normally
combine triple-pane insulated glazings, a ‘warm edge’ glass spacer and
specially developed insulated window frames. Some 50 small and medium
enterprises in Austria, Germany, Switzerland, the Czech Republic and
Belgium started to produce these windows, which realize a positive energy
balance even during cold and cloudy central European winters.
• Minimal air gaps: The standard requires the building to achieve very low
levels of air gaps, much lower than are achieved in conventional construc-
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Source: Based on results from the Passive House Institute (2003)17
Figure 2.5 Space heat consumption level comparisons between Passive Houses
and standard buildings for over 100 dwellings in 11 sub-projects across
Germany, Austria and Switzerland17
tion. Air barriers, careful sealing of construction joints, and sealing of all
service penetrations are used to achieve this. Reducing the gaps in the
building envelope minimizes the amount of warm (or cool) air that can
pass through the structure, enabling the mechanical ventilation system to
effectively recover the heat, to be used to warm incoming fresh air, before
discharging.
• Heat recovery ventilation: Mechanical HRV systems, with a heat recovery
rate of at least 75 per cent and high-efficiency motors, are employed to
maintain air quality, and to recover sufficient heat. Since the building is
essentially airtight, the rate of air change can be optimized and carefully
controlled at about 0.4h–1 (air-changes per hour) to ensure appropriate
indoor air quality. The air-heating element can be heated by a small heat
pump, by solar thermal energy, or simply by a natural gas or even small oil
burner. 
• Efficient systems for generating heat: In addition to the heat exchanger,
often a micro-heat pump extracts heat from the exhaust air and heats the
ventilation air and the domestic hot water. In addition to using passive
solar gain, Passive House buildings make extensive use of their intrinsic
heat from internal sources – such as waste heat from lighting, white goods
(major appliances) and other electrical devices (but not dedicated heaters) –
as well as body heat from the people and animals inside the building.
Together with the comprehensive energy conservation measures taken this
means that a conventional central heating system is not necessary, although
the design is allowed to use whatever system a user wants, as long as it
meets the overall performance requirements.
When Factor Four was published, there were just a few demonstration buildings
which had been completed according to the ‘Passive House Standard’. That
changed during the last 12 years – until by 2008 more than 12,000 Passive
Houses have been realized (see Figure 2.6 below for indicative results). Based on
this success the political support for further expansion of the Passive House
requirements is growing as demonstrated by the EU Energy Commissioner,
Andris Piebalgs, stating in 2006 that, ‘As indicated in the Plan, the Commission
will propose action to ensure that in the longer term our buildings become “near
zero emitting” – called also “passive houses”.’18 In 2007, the state government
of Vorarlberg (Austria) was the first to take action with all new council houses
being required to be built to the Passive House Standard.
Since the first ‘Passive House’ was built at Darmstadt Kranichstein in
199020 the techniques have been applied to a range of new buildings, varying
from old-fashioned brick walls to prefabricated concrete buildings and light-
weight timber construction – all with high levels of insulation, use of
super-windows, and HRV in common. The first office buildings using Passive
House Standard were built in 1998, the first school buildings and production
building following in 2001. Now there are nurseries, kindergartens, a super-
market and even an alpine refuge using Passive House technology.
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The Smith House, located in Urbana Illinois and shown in Figure 2.8, was
the first house in the US assessed by the Passive House Institute in Germany
(undertaken by Wolfgang Feist), as being built to the Passive House Standard,
in 2002. Its designer and owner, architect Katrin Klingenberg describes the
1200 square foot house as a ‘simple shed-roofed house insulated on all six sides
to at least R-56’.21 Klingenberg reflected to the authors that, ‘looking back the
thing that surprised us the most was that it did not cost much more than typical
construction, at least not as much as the first German Passive Houses’. Four
years later, in 2006, the Waldsee BioHaus, constructed in Minnesota and
shown below, was then the first house in the US to be officially certified by the
Passive House Institute. The house requires a mere 11 per cent of the energy
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Source: Based on results from Promotion of European Passive Houses (2006)19
Figure 2.6 Yearly primary space heating energy uses per dwelling, 
comparing ‘existing average’, ‘typical new’ and ‘passive’
Source: Provided by Dr Wolfgang Feist, Passive House Institute
Figure 2.7 (a) A ‘Passive’ school near Munich, and (b) A ‘Passive’
kindergarten near Dresden
(a) (b) 
required for a home built to the Minnesota Code – a Factor 10 improvement.
The house was built in partnership between Waldsee, Concordia Language
Villages, and Deutsche Bundesstiftung Umwelt (DBU).
According to the designer of the Waldsee BioHaus, Stephan Tanner:
Specific attention was paid to insulating throughout the slab
floor to the ground, exterior walls to the roof including windows
and doors. A new insulation technology, Vacuum Insulation
Panels, were used on the upper floor for the exterior walls with
aluminum cladding. A flat roof form was selected for this design
with an extensive green roof … establishing a heat buffer … [the]
design … is optimal for an effective use of daylight and solar gain
in the winter… [The building uses] a ground to air heat exchange
system for the fresh air intake and a high efficiency heat recovery
system. Heating requirements are met using ground source heat
pump and passive solar gain. The high volume hot water needs
are met with a solar hot water system.22
Further to the application to new buildings Passive House methods have more
recently been applied to existing buildings – with energy savings of 75 per cent
to over 90 per cent. Renovated buildings usually have an existing heat distribu-
tion system and there is no reason not to use the very same system after
renovation. With the renovation the heat requirement is reduced, then the
system temperatures can also be reduced. Therefore, high-efficiency boilers and
heat pumps can then be used. Good thermal insulation and high-efficiency
mechanical equipment go hand in hand.
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Source: (a) US Passive House Institute, and (b) Concordia Language Village
Figure 2.8 (a) The Smith House, Illinois, USA, and (b) Waldsee BioHaus,
Minnesota, USA
(a) (b) 
A whole systems approach to Factor Five in residential buildings
IPCC Strategy One: Energy efficiency opportunities
Space heating and cooling
Overview: Space heating and cooling is responsible for a significant propor-
tion of energy consumption in residential homes around the world,
representing 27 per cent in the European Union 15 (EU-15) in 2004,23 31 per
cent in China in 200024 and 40 per cent in the US in 2005.25 Requirements for
space heating and cooling can be reduced by at least 30 per cent through a
range of cost-effective options, including: passive solar design; improved
insulation of the building envelope; double-glazed windows; and minimized
air leaks in the home, particularly through the roof and around doors. As
Alan Pears explains:
Analysis of the typical 150 square metre house with just ceiling
insulation shows a design heating capacity requirement of
18.4kW. Changing the house to double glazing, R2 wall insula-
tion, R3 ceiling insulation, concrete slab-on-ground with edge
insulation, and an air-change rate of 0.5 air-changes per hour,
reduced the design heating capacity requirement to 5.7kW [an
improvement of 70 per cent].26
Solutions: Achieving significant reductions in space heating and cooling
involves the implementation of a range of complementary actions, such as:27
• Passive cooling: In regions of the world where morning temperatures
during summer are less than 17°C it is possible to significantly cool a
residential building simply by opening the windows and doors to let the
fresh cool morning air push out and replace the hot air in the house. This
process is valuable as it allows the cool morning air to also cool the
thermal mass of the building. Sensors can detect when the air outside is
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Source: Provided by Dr Wolfgang Feist, Passive House Institute
Figure 2.9 (a) Apartment building before and 
(b) after Passive House refurbishment
(a) (b) 
suitably cooler than the air inside, whereupon windows (usually louvres)
can be automatically opened to allow the cool air into the building.
• Block air leaks: To ensure that the early morning cool air stays in the build-
ing, and the heat of the day is kept out, the building envelope needs to have
minimal air leaks. Some leaks are less obvious, for example an unsealed
ceiling exhaust fan can increase cooling load by several kilowatts on a hot
windy day. According to the IPCC:
Cost-effective measures that can be undertaken without a major
renovation of residential buildings include: sealing points of air
leakage around baseboards, electrical outlets and fixtures,
plumbing, the clothes dryer vent, door joists and window joists;
weather stripping of windows and doors; and adding insulation
in attics, to walls or wall cavities. Bell and Lowe believe that a
reduction of 50 per cent could be achieved at modest cost using
well-proven (early 1980s) technologies, with a further 30–40 per
cent reduction through additional measures.28
• Improve insulation and thermal efficiency of the building envelope: Once
the building is appropriately sealed the goal is to reduce the amount of heat
entering the building through the roof, walls and structure. By improving
the insulation of the building envelope and installing double-glazed
windows/winter windows, external shading of windows, and improved
curtains with pelmets, significant reductions in heat transfer can be
achieved. According to the IPCC:
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Source: Courtesy of Alan Pears
Figure 2.10 Breakdown of design heating loads for standard versus 
energy-efficient housing
The thermal performance of windows has improved greatly
through the use of multiple glazing layers, low-conductivity gases
between glazing layers, low emissivity coatings on one or more
glazing surfaces, and use of framing materials with very low
conductivity. Glazing that reflects or absorbs a large fraction of
the incident solar radiation reduces solar heat gain by up to 75
per cent.29
• Upgrade air-conditioning ductwork: Once the building is passively cooled
(if possible), and air leakage has been reduced, as well as incoming heat or
cold, the next area to focus on is the performance of the air-conditioning
system, and particularly the ductwork for central systems. Ducting is often
poorly insulated and as it is often installed in non-air-conditioned spaces
(roofs, walls etc.) much of the cool or heat can be lost before it enters the
living spaces of the building, especially if the ducting leaks or has a poor
aerodynamic configuration.30 According to the IPCC, ‘… leaks in ducts
can increase heating and cooling energy requirements by 20–40 per cent.’31
• Reduce the space that needs to be air-conditioned: By focusing only on the
various areas of the house that need cooling, that is, the rooms that are
used the most, the load can be reduced.
• Use the most efficient air-conditioners (if needed): In the tropics, or sub-
tropical regions the items above are not sufficient to negate the need for
air-conditioning of some sort. Alan Pears writes that:
Obviously, use of evaporative cooling instead of refrigerative
cooling can make a big difference to electricity demand in
climates where wet bulb temperatures are not too high. But if
refrigerative cooling is used, a number of factors can impact on
efficiency such as the equipment efficiency, and cycling and other
losses … it seems feasible to air-condition a thermally-efficient
bedroom at night using the same amount of electricity as is now
used by a ceiling fan.32
Case study: The Fraunhofer Institute for Solar Energy Solar House – 
Cold Climate Housing33
The city of Freiburg, Germany, is one of the leading examples of a city council
taking a progressive stance on reducing energy consumption through its
energy-efficient housing standard, which has resulted in reductions of up to 80
per cent in energy use for space heating. Enacted in 1992, the council’s energy-
efficient housing standard requires energy consumption for heating purposes in
households to be limited to 65kWh/m2 for all construction under the council’s
jurisdiction (including construction on land bought from the council and in
projects funded by the council). This is approximately a 70 per cent improve-
ment on typical older European homes of 220kWh/m2 per annum. According
to the Clinton Climate Initiative:
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The entire Vauban and Rieselfeld districts have been constructed
to this 65kWh/m2 standard, comprising a population of 18,000
people. Around 150 units have been constructed to ‘passive
house’ (15kWh/m2) or ‘plus energy’ (houses producing energy
surpluses) standards, saving around 2100 tonnes of CO2 each
year. Additional energy for passive houses is required for only a
few weeks each year – a wood chip biomass combined heat and
power plant provides this energy… Low-energy housing costs
around 7 per cent more to build than traditional housing, yet
energy consumption falls by up to 80 per cent… Construction
costs for multi-unit buildings are lower. Costs associated with
energy efficient construction are initially added directly to the
purchase price, but the public has accepted these additional costs,
in the anticipation of reduced running costs.34
An example of this is the Fraunhofer Institute Solar House, constructed to
demonstrate that by focusing on reducing the energy requirement of a home,
including applying the elements listed above, all of the energy needed could be
supplied by the solar energy falling on the roof and walls. The house, located in
Freiburg, is not connected to the grid and incorporates passive heating, cooling
and ventilation, onsite energy generation and day-lighting. According to
Wigginton and Harris:
Sixty-five percent of the southern facade incorporates transpar-
ent insulation, which helps to provide sufficient thermal
insulation while still allowing light into the building to provide
solar gain. The transparent insulation traps enough heat in the
house to last for eight hours after the sun sets. The solar gain is
collected by heavyweight walls, which produce a heat surplus on
all but about 15 days per year. Supplementary heating comes
from a variety of sources, including: a ground heat exchanger;
air-to-air heat recovery from the kitchen and bathrooms; and
flameless, hydrogen gas, diffusion burners, whose only combus-
tion by-product is water.35
Appliances
Overview: Household appliances are responsible for a major proportion of
energy consumption in residential homes around the world, representing 21
per cent in China in 2000,36 25 per cent in the EU-15 in 200437 and 27 per
cent in the US in 2005.38 The consumption of appliances can be reduced by
more than 50 per cent, by implementing best available technologies. Home
entertainment equipment (including TVs, DVD players, home computers and
gaming consoles) is a major growth area in residential energy use. Other
additional load comes from more members of the family or household
owning and using computers at home for work or school homework, and
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mobile phone rechargers. It is important to identify and use the most efficient
appliances to reduce domestic electricity demand because this enables much
of this demand to be met by small cost-effective solar photovoltaic systems,
with the minimal size of battery storage. As Amory Lovins et al from the
Rocky Mountain Institute (RMI) wrote in 2002, ‘lights and appliances to
reduce average household electrical load from somewhat more than 1kW to
~0.1kW permits a small, cheap photovoltaic array with modest storage to
suffice.’39
Solutions: According to the IPCC:
The most efficient appliances require a factor of two to five less
energy than the least efficient appliances available today … for
example, in the USA, the best horizontal-axis clothes-washing
machines use less than half the energy of the best vertical-axis
machines, while refrigerator/freezer units meeting the current US
standard require about 25 per cent of the energy used by refriger-
ator/freezers sold in the USA in the late 1970s (about
1800kWh/yr) and about 50 per cent of energy used in the late
1980s.40
The IPCC further cites research that suggests that, despite the fact that the use
of home appliances in developing countries represents a small amount of the
overall demand,
the rapid increase in their saturation in many dynamically devel-
oping countries such as China, especially in urban areas,
demonstrates the expected rise in importance of appliances in the
developing world as economies grow.41
For instance it is estimated that in 1985 only 7 per cent of homes in China had
refrigerators, and 17 per cent of homes had TVs, but by 2005 these figures had
risen to 75 per cent and 86 per cent respectively.42
There is much that can be done to reduce the demand of appliances such as
TV screens and home computers, including:
• Plasma TVs: Liquid crystal display (LCD) TVs are now widely available,
and are much more efficient than plasma TV screens, at least halving the
electricity used. Light emitting diode (LED) TVs have recently entered the
market and use around 80 per cent less energy than plasma screen TVs.43
• Computers: Home computer usage has increased dramatically in recent
years, with each desktop computer using 100–120 watts while operating.44
As Factor Four showed, laptop computers have been designed in novel
ways to reduce energy usage by at least 75 per cent,45 now using on
average around 20 watts.46 Also, LCD computer monitors use a quarter to
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a half as much as conventional monitors, hence using LCD monitors alone
will reduce overall computer energy use by 30–45 per cent.47 Finally,
combining these innovations with appropriate active and passive standby
modes enables a computer’s energy usage to be reduced by close to Factor
Five, compared to desktop computers.48
Also, more energy-efficient versions of traditional domestic appliances which
further reduce energy usage in the home are now entering the market. A survey
of the latest energy-efficient domestic appliances is beyond the scope of this
one book. So instead, we next consider a few examples to illustrate how design
improvements can enable significant energy efficiency savings in this area.
• Kettles: Kettles use far more energy than one would assume. The UK
Department of Environment, Food and Rural Affairs (DEFRA) has quanti-
fied this with the following statement: ‘If everyone boiled only the water
they needed to make a cup of tea instead of “filling” the kettle every time,
we could save enough electricity to run practically all the street lighting in
the UK.’49 The latest designs of kettles make three changes that can reduce
the energy used by kettles around 80 per cent, namely:
1 Only boil the amount of water needed – a number of kettles are now on
the market that enable you to specify with the press of a button how
many cups of water you want boiled. Trials show that this design change
alone saves 31 per cent of energy compared to standard kettle usage.50
2 Better insulation – keep the water hotter longer by insulating the kettle
and thus reducing the energy required for reboils. The options avail-
able for insulating the kettle include using a vacuum (similar to those
used in thermos flasks), expanded foam or an air gap.
3 Include a temperature gauge – therefore reducing the number of re-
boils. This shows the user that the water is still sufficiently hot to make
a beverage without having to reboil.
• Toaster: Toasters lose heat through the top of the toaster that is tradition-
ally open. Providing an automated lid which shuts while the toast is being
toasted alone reduces energy use by approximately 34 per cent, and
Morphy Richards has launched a new affordable toaster using this design
change.51
• Ovens: Rocky Mountain Institute has shown that significant energy
efficiency gains can be made by choosing more wisely the types of ovens we
use, finding that:
Conventional ovens or ranges are inherently inefficient because
in order to heat up food, they must first heat up about 35 pounds
of steel and a large amount of air. Tests indicate that only about 6
per cent of the energy output of a typical oven is actually
absorbed by the food. When it comes to ovens, your best bet for
saving energy is to use it only when cooking large dishes or
batches, and to opt instead for a smaller appliance, such as a
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toaster oven or microwave, whenever possible… microwave
ovens use up to two-thirds less electricity than conventional
electric ovens. Microwaves heat food directly by exciting water
and fat molecules in the food. They don’t waste energy heating
air and metal, and they don’t generate surplus heat that burdens
your air conditioner.52
Further to selecting appliances that require less energy to operate, choosing
appliances that use minimal energy in active and passive standby mode, and
which are easy to turn off, is also vitally important. According to the Lawrence
Berkeley National Laboratories, ‘An individual product draws relatively little
standby power, but a typical American home has forty products constantly
drawing power. Together these amount to almost 10 per cent of residential
electricity use.’53 According to George Monbiot, ‘Move Associates have 
developed a smart meter which not only displays the breakdown of household
energy usage but also contains an off switch, as you go out, you can turn 
off the entire house, except for gadgets you have already selected to stay on
permanently.’54
For further information on appliance energy efficiency opportunities please
refer to Rocky Mountain Institutes’ Home Energy Briefing Series.55
Domestic hot water
Overview: Heating water is also responsible for a significant proportion of
energy consumption in residential homes around the world, representing 9 per
cent in the EU-15 in 2004,56 11 per cent in the US in 200557 and 27 per cent in
China in 2000.58 Energy requirements for water heating can be reduced by at
least 90 per cent, through a range of cost-effective options, including: reducing
consumption of hot water; improving thermal properties of hot water systems;
recovering lost heat; and selecting low energy consumption hot water systems,
such as solar thermal or heat pumps. According to the IPCC, ‘The integrated
effect of all of these measures can frequently reach a 90 per cent saving.’59
Solutions: The most cost-effective way to reduce the amount of energy used for
domestic hot water is by first investing in water-saving fixtures and appliances,
such as water-efficient shower heads and washing machines, to reduce the
amount of hot water needed. Then secondly to identify a low energy consump-
tion option for heating water. Electric storage systems are the highest energy
consumers and are being phased out by government regulation in many
countries. However, electric storage systems powered by a solar thermal system
or a heat pump can significantly reduce this consumption. Shifting to gas
storage systems allows for smaller tanks as they have faster heat recovery
times, although, as Pears cautions, transitioning to a gas hot water heater is
generally accompanied by a 15 per cent increase in hot water usage.60 Shifting
to on-demand systems further reduces consumption, as approximately 30 per
cent of the electricity used to heat water in storage systems is lost through
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losses in the pipes and the tanks,61 hence an instantaneous gas hot water
system would be expected to be up to 30 per cent more efficient.
Main methods for reducing the energy required for water heating include;
• Insulate hot water storage tanks and pipes: Much of the energy consumed
by storage-based hot water systems is used to heat water to overcome the
lost heat through the walls of the tank and the pipework. According to
RMI:
Unless your water heater tank is already insulated to at least R-
24, adding an insulating jacket to your water heater is one of the
most cost effective do-it-yourself energy saving projects. The
jacket should reduce heat loss through the walls of the tank by
25–45 per cent, saving about 4–9 per cent of water heating
costs… Insulate hot water pipes wherever they are accessible,
especially within three feet of the water heater. The split foam
rubber type is effective and easy to use; be sure to choose the
right size so it closes fully around the pipe, put it on crack
downward and tape the seams with acrylic tape.62
• Control the use of the system: Ensuring that the systems are not heating
water when the water is not required, that is, during the early hours of the
morning, during work hours and over vacation periods. According to
RMI:
You can save an additional 5–12 per cent of water heating energy
by turning water heaters off for certain periods. You can control
your own water heater with a timer that automatically turns the
heater off for preset periods.63
• Ensure appropriate water temperature settings: Temperature settings for
hot water systems vary across various models and government require-
ments. Typically a system will be set to a range of 50–75°C. When
considering the temperature to set a hot water system there is a range 
of variables, including: tolerable shower temperature (approximately
40–45°C); scald prevention, as 60°C or higher can cause third degree
burns; and minimizing bacteria contamination, as temperatures under
50°C may increase the risk of Legionnaires’ disease. Hence water tempera-
ture is best set in consideration of local government requirements.
• Correctly sized water heaters: Current domestic water heating systems are
oversized for most homes and units in OECD countries. This means that
the volume of water, which has to be heated, is much larger than what is
needed, leading to significant waste of energy. The response of the industry,
to date, has been the invention of the instantaneous hot water heater with
electronic ignition, which is an improvement. With the instantaneous gas
hot water heater, the water no longer needs to be maintained at a hot
temperature all the time. But for at least 50 per cent of the market these are
a long way from being optimized to the right size. Modelling, by Alan
Pears, shows that for a household of one to two people (with the OECD
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estimating that in member countries single person households/units repre-
sent 20–30 per cent of the total, and two person households/units represent
10–20 per cent),64 with people having a sequence of showers, with AAA
shower heads, a well-insulated 30 litre hot water heater has a large enough
capacity to meet their daily shower needs.65 This is significantly smaller
than the standard smallest domestic water systems which hold 135–250
litres. Pears shows that such a highly efficient unit with a well-insulated 30
litre storage tank, using a moderately large burner and electronic ignition
can achieve significantly higher efficiencies than either the 4-star instanta-
neous hot water heater systems or the smallest standard 135 litre systems.
As shown in Figure 2.11, this improved efficiency is considerable, right
down to the very low usage levels, without the standby losses of a large
water heater. Taking the Australian domestic hot water sector as an
example, currently it is assumed that a base level of 200 litres is required
for showers by the average Australian household. Pears’ analysis of
Australian demographics shows that a 200 litre domestic hot water system
is now only needed per day by 15 per cent of all households in Australia.
The domestic hot water industry in Australia has optimized gas hot water
heaters for only a small percentage of the market. Thus there is potential to
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Source: Courtesy of Alan Pears
Figure 2.11 Comparison of task efficiencies of standard, 4-star rated and 
high-efficiency hot water systems
achieve even higher energy savings than predicted by the IPCC if these
insights were used to redesign and properly size hot water systems.
Lighting
Overview: Household lighting is responsible for a growing proportion of
energy consumption in residential homes around the world, representing 9 per
cent in China in 2000,66 11 per cent in the US in 200567 and 12 per cent in the
EU-15 in 2004.68 The consumption of energy from lighting can be reduced by
up to 90 per cent, by implementing a range of cost-effective options, including
replacing incandescent light bulbs with low-energy options, such as compact
fluorescent lamps (CFLs), halogen lamps with dimmer switches, and LEDs,
and reducing the need for artificial lighting through building design and day-
lighting. According to the IPCC:
Lighting energy use can be reduced by 75–90 per cent (Factor
4–10) compared to conventional practice through (i) use of day-
lighting with occupancy and daylight sensors to dim and switch
off electric lighting; (ii) use of the most efficient lighting devices
available; and (iii) use of such measures as ambient/task lighting.
Advances in lamps have been accompanied by improvements in
occupancy sensors and reductions in cost.69
Solutions: Combining passive solar design to maximize day-lighting together
with more efficient lighting, steps (i) and (ii), is usually enough to achieve
Factor Five. Traditional incandescent lights are remarkably inefficient, only
turning 5–10 per cent of the energy they consume into light and thus wasting
90–95 per cent of electricity as heat.70 More efficient forms of residential light-
ing are available, such as compact fluorescent and LED lighting that provide a
75 and 90 per cent improvement respectively. Lester Brown reflects on this in
the 2008 update of his book, Plan B, stating that:
Replacing the inefficient incandescent light bulbs that are still
widely used today with new CFLs can reduce electricity use by
three fourths … though a CFL may cost twice as much as an
incandescent, it lasts 10 times as long. Shifting to CFLs in homes,
to the most advanced linear fluorescents in office buildings,
commercial outlets and factories, and to LEDs in traffic lights
would cut the world share of electricity used for lighting from 19
per cent to 7 per cent. This would save enough electricity to avoid
building 705 coal-fired power plants. By way of comparison,
today there are 2,370 coal-fired plants in the world.71
Refrigeration
Overview: Household refrigerators are responsible for approximately 12 per
cent of energy consumption in residential homes in the developed world, repre-
86 A WHOLE SYSTEM APPROACH TO FACTOR FIVE
This chapter is extracted from Factor Five: Transforming the Global Economy through 80% Improvements in Resource Productivity. 
To purchase the entire book please visit www.earthscan.co.uk/factorfive. Questions? Contact gudrun.freese@earthscan.co.uk
Griffith University and the Australian National University have provided 
in-kind review and staff hosting to support the development of this work.
senting 8 per cent in the US in 2005,72 and 15 per cent in the EU-15 in 2004.73
The consumption of energy from refrigerators has been significantly reduced
since the 1970s and can be further reduced by up to 50 per cent. According to
Lester Brown:
A refrigerator in Europe uses roughly half as much electricity as
one in the United States, for example, but the most efficient
refrigerators on the market today use only one fourth as much
electricity as the average refrigerator in Europe – a huge opportu-
nity for improvement.74
An effective refrigerator is in essence a well-insulated box with a cooling
mechanism, with the technology rapidly improving over the last few decades.
For example, by 1972, the average US model sold used 3.36kWh/y. By 1987,
when California bought efficiency standards, the average model used
1.87kWh/y.75 Since 1983, Sun Frost have been making refrigerators that only
use 0.19kWh/y, a Factor 16 improvement on the average US refrigerator from
1972.76 In the US, advances in technology have cut average refrigerator energy
use by over 60 per cent in the past 20 years.77 Energy efficiency improvements
in the everyday domestic refrigerator in Australia, as a result of energy
labelling and mandatory energy performance standards (MEPS), mean they
now use roughly 70 per cent less energy than the refrigerators of 1980 as
shown in Figure 2.12.
One might assume that after such a significant improvement there would
be little potential left for further reductions in energy consumption. But at least
another 50 per cent improvement is possible through designing refrigerators
with better insulation and door seals, more efficient compressors, fans and
internal lighting (with the latter reducing heat generation in the unit).
Solutions: The most efficient fridges on the market today achieve their results
by using better insulation and door seals, more efficient compressors and fans
with variable speed drives, and LED internal lighting (with the latter reducing
heat generation in the unit). Two standout examples are Arçelik’s ultra-efficient
domestic refrigerator, being manufactured in Turkey, and the Sun Frost refrig-
erator, made in America.
1 Arçelik refrigerator: In 2008, Turkish consumer goods company Arçelik
was recognized by the EU Commission for producing the most energy-
efficient refrigerator to date.79 The Arçelik refrigerator has achieved
impressive energy efficiency results by using very efficient compressors,
and effective insulation, seals and controls.80 The Arçelik refrigerator has a
variable speed compressor, as it is better to vary the compressor’s speed to
enable it to run at a lower rate with lower output than to stop and start the
fridge. This ‘stop–start’ approach results in the compressor then having to
run at a higher rate, resulting in higher energy usage overall.81 Thus,
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Arçelik have applied many of the suggested strategies outlined in the origi-
nal publication, Factor Four, to improve the performance of their fridges.82
2 Sun Frost refrigerator: Another standout example of this progress, which
was featured in Factor Four, and still is one of the best-performing fridges,
is the Sun Frost fridge. The Sun Frost fridge reduces energy requirements
by up to 80 per cent and has a life expectancy of over 24 years, compared
to the average 15 years for a conventional unit, incorporating aspects
including, including:
• A top-mounted cooling system: According to the manufacturers, this
configuration reduces energy consumption due to the fact that heat
generated by the compressor and condenser rises above and away from
the unit, rather than up through the unit, as in standard refrigerators.
• Improved insulation: The walls of the refrigerator contain 2.5 to 4.5
inches of polyurethane foam, and the manufactures point out that,
‘Unlike many other refrigerators, the insulation in the walls of the SUN
FROST refrigerator is not degraded by thermal bridges (metal supports
between the inner and outer walls)’.
• Separated air flow: The refrigerator is designed so there is no air circu-
lation between the refrigerator and freezer sections, in an attempt to
reduce the loss of coolth in one section when the door to the other is
opened.
• Cooler summer kitchen: The manufacturers point out that the SUN
FROST produces much less heat than the typical refrigerator and that:
During the summer, a typical refrigerator adds as much heat
to your kitchen as a 1000-watt heater running five hours
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Source: Based on Harrington and Holt (2002)78
Figure 2.12 Energy efficiency trends in the family size refrigerator 
from 1980 to 2005 in Australia
per day! The energy needed by your air conditioner to
remove this excess heat will be about half the energy
consumed by your refrigerator, increasing the cost of
running it by an additional 50 percent.
Factor Four showed that even the Sun Frost fridge could be further improved
through the following steps:83
• using even better insulation, compressors and seals (with improved 
materials);
• reducing the need for and frequency of defrosting;
• improving the design of the condenser coil.
Factor Four discussed all these strategies in great detail. Take insulation, for
instance. There are a number of types of insulating material that can insulate
2–12 times better per unit thickness than the best plastic foam which is
currently the main insulation used in refrigerators. Thus there is already avail-
able insulation that is good enough to enable the everyday refrigerator to stay
cool while automatically being turned on and off to save energy. As Weizsäcker
et al wrote in Factor Four:
Perhaps the most intriguing of these new insulation materials is
simply two sheets of stainless steel, edge-welded a few millimetres
apart (separated by little glass balls), with a hard vacuum inside
and with the inside coated with a special film to block heat-
robbing infrared rays. A cardboard-thin layer of such ‘compact
vacuum’ insulation can stop heat flow as well as 7cm of mineral
wool. It costs more, but it can also super-insulate the refrigerator
while making its walls much thinner.84
The Arçelik refrigerator, featured above, can also be made still more efficient.
Currently, the Arçelik refrigerator, like most refrigerators, uses only one
compressor to cool both the freezer and the main food storage area. According
to Alan Pears, there is a large temperature difference between them and the
larger the temperature difference, the more inefficient a compressor works.
This problem could be solved if instead two compressors were used with
variable speed drives.85
IPCC Strategy Seven: Materials efficiency – water
Residential water use accounts for close to 8 per cent of global water extrac-
tion, although within some regions such as Europe, this can be as high as 13
per cent.86 The amount of water used in the home, and how that water is used,
varies from country to country. OECD countries tend to use as much as ten
times per capita more water for residential needs as developing countries.87 It is
estimated that the average person in developed countries uses 500–800 litres
per day (300m3 per year), compared to 60–150 litres per day (20m3 per year)
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in developing countries.88 Hence the focus of this part is on achieving Factor
Five improvements in water productivity in the residential sector of OECD and
rapidly emerging economies. The main areas of residential water usage for such
households are, on average, from largest to smallest use – the bathroom
(showers and toilets), laundry, kitchen and garden.89 The following material
focuses on water efficiency improvements, water tanks and greywater systems
(that alone achieve up to 65 per cent demand reductions for mains water),90
and water-sensitive gardens, and dual reticulation, that together then enable 80
per cent, or Factor Five, water productivity improvements to be achieved.
Water productivity strategies do not simply help reduce demand for fresh
potable water, but also yield significant energy savings, as this reduces the
amount of energy that is needed to purify and then pump potable water from
central water storages, such as dams and tanks. Reducing hot water usage in
particular provides significant benefits in that it reduces both energy and water
bills, and reduces water demand, and hence energy requirements for water
utilities.91 Hence as the provision of water is energy intensive, there is a strong
nexus between water and energy savings in the residential sector.
Water efficiency measures
Overview: Water efficiency measures are the most cost-effective way to reduce
water consumption in the home. Table 2.1 shows that the use of efficient
shower heads, water-efficient appliances, dual-flush toilets and low-flow
aerators for taps, can improve the water productivity for an average home by
over 60 per cent.92
A 2008 study of urban water usage showed that using water-efficient
shower heads cut energy required to heat water by around 50 per cent.93
Further, the study showed that replacing an old washing machine with a new
efficient front-loading model would cut energy use by more than half, and save
10,000 litres of water annually, assuming 250 washes a year.
Use of rainwater and onsite greywater
Overview: Currently, relatively little of the water that falls on urban areas as
rain is used, and in the case of coastal cities much of this rainfall simply flows
into stormwater drains and out to sea.94 Rainwater tanks can capture water to
be used for watering gardens, flushing toilets, washing clothes or in showers.
Greywater is wastewater from non-toilet fixtures such as showers, basins and
taps which does not contain human excreta (water that contains excreta is
known as blackwater).95 Most governments permit greywater re-use outdoors
as well as for toilet flushing and laundry after appropriate treatment.96 Large
rainwater tanks and greywater recycling systems can reduce demand for
potable water significantly.97
An example of the potential for water savings from greywater re-use is
shown by the Mawson Lakes Estate Development in South Australia. This
3500-home residential estate was designed so that 80 per cent of used 
greywater is recycled for toilets and gardening.98 Some households are going
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even further and paying for larger domestic water tanks and onsite water treat-
ment systems so that there are homes completely water self sufficient. Another
well-known example in Australia is the work of Michael Mobbs and Helen
Armstrong, having retrofitted an old terrace house in one of the most densely
populated suburbs in Sydney to be almost entirely water self-sufficient.
Through onsite collection of rainwater, as well as onsite wastewater treatment,
Mobbs and Armstrong have reduced their already relatively low consumption
of mains water to virtually zero. This house does not have a particularly large
roof but nevertheless it can still capture enough water in the 8500 litre tank,
located beneath the back deck, to meet the potable water needs of the family of
four.102 It is also possible to achieve self-sufficiency for a residential estate.
Currumbin Ecovillage is the first Australian self sufficient residential estate
development (off both the mains water and sewerage systems) which captures,
treats and recycles water onsite to meet all its needs in a near closed loop water
cycle. Water efficiency measures are employed, as well as landscaping
techniques such as swales and retention ponds. Over 80 per cent of the water
used by households is recycled.
Using recycled water through dual reticulation
Overview: Residential estates can be designed with dual reticulation systems
which enable recycled water to be used for toilets and gardening. Dual reticula-
tion is the use of two water supplies – recycled water and drinking water. An
example in Australia is the Aurora Estate.103 It is an 8500-person development,
led by the Victorian Government and Yarra Valley Water, that is incorporating
dual reticulation along with the strategies outlined above. Pimpana-Coomera
Scheme in the Gold Coast area is another impressive application of duel reticu-
lation, this time to 150,000 people. Building on from the Aurora Estate, this
development,
Table 2.1 Daily water consumption for standard domestic 
appliances in Australia
Water use Using standard appliances Using efficient appliances 
(L/person/day) (L/person/day)
Toilet 50 33
Bath and shower 50 19
Hand basin tap 10 1
Kitchen 10 3
Tap 7 1
Dishwasher 3 2
Laundry 30 11
Tap 5 1
Washing machine 25 10
Total 19099 64
Source: NSW Health Department (2001)100; Ecological Homes (2002)101
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incorporates new materials, technologies, standards and
practices to reduce the size and capital and maintenance costs of
water collection and distributions systems. The scheme will
provide overall an 80 per cent reduction in demand for potable
water with capital costs only 10 per cent above conventional
approaches and lower life cycle costs if headwork costs are incor-
porated.104
Water-sensitive garden design
Overview: Up to 60 per cent of household water is used outdoors on
gardens.105 The landscape of the garden can be redesigned to be made up of
plants that need significantly less water than the average household garden in
OECD countries. Planting drought-tolerant species, mulching around plants to
reduce evaporation, and installing drip irrigation systems can all lead to signif-
icant savings.
Factor Five in homes in developing countries
We now turn the focus of this Sector Study to developing countries. Given that
water usage in the home is relatively small, and that the items above will be
quite relevant,106 we focus here on ways to enable developing countries to
reduce energy consumption by Factor Five within the home. As non-OECD
countries represent approximately 35 per cent of the energy demand for this
sector globally,107 reducing this demand must play a key role in global efforts,
if the world is to achieve a Factor Five improvement, along with reducing a
number of related health concerns, particularly from indoor air pollution.
According to the 1999 World Development Report, approximately 1.8
billion people lack access to electricity, and in order to provide indoor and
night-time lighting must burn fuels such as kerosene, paraffin, wood or diesel.
Even though fuel-based lighting options provide just 1 per cent of lighting
globally,108 their health and environmental burden is disproportionately
greater. Such practices contribute to the major health hazards posed by indoor
air pollution in developing countries, and generate 20 per cent of lighting-
related CO2 emissions,
109 the main source of greenhouse gas emissions in
developing countries,110 while consuming 3 per cent of the global oil supply.111
According to the World Bank, about 780 million women and children inhale
kerosene fumes, which include many harmful particulates, and is equivalent to
the smoke from two packets of cigarettes per day. Consequently, two-thirds of
adult females with lung cancer are non-smokers and the average lifespan in the
regions is just 42 years.112
However, as many of these locations will continue to be unable to access
electricity from national grid systems it is vital that any new options for light-
ing and cooking are cost-effectively powered onsite. Driven by the growing
demand in the developed world, progress in the efficiency, efficacy and
longevity of new forms of electric lighting (such as LEDs and CFLs) mean that
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by using them the electricity demand can be significantly less. Hence, small-
scale onsite renewable energy options can cost-effectively deliver lighting to
undertake common household tasks.113
An emerging opportunity for reducing the global costs and green-
house gas emissions associated with this highly inefficient form of
lighting energy use is to replace fuel-based lamps with white
solid-state (LED) lighting which can be affordably solar-
powered. Doing so would allow those without access to
electricity in the developing world to affordably leapfrog over the
prevailing incandescent and fluorescent lighting technologies in
use today throughout the electrified world.
Evan Mills, US Lawrence Berkeley Labs, 2005114
According to Mills, new technologies for lighting can be 1000 times more
efficient than kerosene lamps, and by using solar panels this technology shift
can replace millions of tons of kerosene consumed per year and significantly
improve the quality of life of millions of people. Globally US$48 billion/year is
spent on kerosene for lighting;115 thus, this combined with aid and micro-
credit schemes should allow a cost-effective transition away from kerosene.
Life-cycle costing analysis shows that many rural families can pay back the
investment in a solar-LED system within 1–2 years, hence only requiring basic
micro-credit services.116 Such a micro-credit service can work with residents
paying a deposit on their new lighting system, and then redirecting their
regular kerosene costs towards paying off their investment, or like a leasing
arrangement, whereby residents pay a regular fee for the use of the lighting
system. In either case, once the cost of the lighting system has been recovered,
payments cease, the residents own their lighting system and the saved money
can be invested into needs such as income-generating assets, improving diet,
medical care and education. Hence, cumulative savings from kerosene replace-
ment by LED systems (even with systems priced at approximately US$100)
effectively boost family income. The long life of LEDs, and low power require-
ments result in extremely low ongoing maintenance costs (rarely exceeding a
few dollars a year), and once the system is installed, the LED-powered lamps
should last for 20–40 years. Realizing this potential a number of NGOs have
formed to support this transition, notably the Lighting Up the World
Foundation,117 which is assisting poor households in developing countries to
shift to LEDs powered by solar and rechargeable batteries. Lighting Up the
World was started in 2000, when LED technology had progressed sufficiently
for a single 0.1 watt white LED to provided adequate light for reading in the
dark. The Foundation has since worked with poor people and micro-credit
banks to supply more than 100,000 people in 14,000 homes spanning 42
countries with solar-powered LED. Other locally focused projects, such as the
Barefoot Solar Engineering Institute in India,118 and micro-credit initiated
programmes, such as the Grameen Bank Shakti Solar Energy Program in
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Bangladesh, are looking at ways to empower previously illiterate workers,
mostly female, to become ‘solar engineers’. For instance, at the Barefoot
Engineering College illiterate women have been trained to make circuits for
solar lighting, and also to install and maintain hand pumps, water tanks, solar
cooking heaters and pipelines. Take the now well-documented example of
Gulab Devi, aged 45, a quintessential rural woman from Rajasthan. Previously
illiterate, and a mother of four, she is now a successful pioneer in the Barefoot
Solar Engineering Project. Gulab is the sole bread-winner for her four children
and her ailing husband. Not only is she running her household comfortably
with her salary from this work, she is also one of the most respected members
of her community.119
Such female ‘barefoot solar engineers’, who previously would have been
seen as illiterate poverty-stricken women, are now so respected by the commu-
nities in north-east India they are being asked to represent the region in
government. Maurice Dewulf, deputy senior resident representative, United
Nations Development Programme (UNDP), comments, ‘The project has
demonstrated how solar energy provides a solution not just for cooking and
lighting, but also for education, agriculture, health, and income generation.’
Supported by the Indian Ministry of Non-Conventional Energy Sources, the
European Commission and the UNDP, the Barefoot Solar Engineering Project
draws on the world’s leading technologies to allow communities across the
developing world to experience a new quality of life. For example, the solar
lanterns programme allows schools to operate at night in areas that require
children to work during the day for their families to survive. Inspired by its
success, the Indian government and overseas aid has enabled over half a
million such solar lanterns to now be in use throughout India.
The cooking stove is another major energy-using appliance in developing
countries. According to the International Energy Agency (IEA), ‘Two-and-a-
half billion people in developing countries depend on biomass – wood, dung,
charcoal and agricultural residues – to meet their cooking energy needs.’120
According to the World Health Organization (WHO), this results in the prema-
ture deaths of an estimated 1.6 million people each year from breathing
elevated levels of indoor smoke, resulting in indoor air pollution being the
fourth leading cause of death in poor developing countries.121 The WHO has
estimated that indoor smoke from solid fuel causes about one-third of lower
respiratory infections, and about one-fifth of chronic obstructive pulmonary
disease. In addition, in early 2008, scientists discovered that black carbon, a
form of particulate air pollution produced from biomass burning and cooking,
has a global warming effect in the atmosphere three to four times greater than
previous estimates, and could prove to be a significant contributor to global
warming.122 Black carbon particles only remain airborne for weeks compared
to CO2, which remains in the atmosphere for more than a century;
123 however,
as Ramanathan and Carmichael write, ‘Black carbon in soot is an efficient
absorbing agent of solar irradiation that … can form atmospheric brown
clouds in mixture with other aerosols.’124 Between 25 and 35 per cent of black
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carbon in the global atmosphere comes from China and India, emitted from
the burning of wood and cow dung in household cooking and through the use
of coal to heat homes.
Options available to reduce domestic cooking energy needs include:
improved efficiency of biomass stoves; non-electric options such as solar
cookers; and improved biomass stoves, which can save from 10 to 50 per cent
of biomass consumption for the same cooking service, at the same time 
reducing indoor air pollution by up to one-half.125 The Partnership for Clean
Indoor Air (PCIA), which involves over 160 partners worldwide, is assisting
efforts to address the problem by funding projects in Asia, Africa and Latin
America to identify and demonstrate effective approaches for increasing the
use of clean, reliable, affordable, efficient and safe home cooking and heating
practices that reduce people’s exposure to indoor air pollution. For example,
the PCIA are promoting the design of more efficient wood-burning cooking
stoves. These efficient stoves achieve roughly a 50 per cent improvement and
dramatically reduce indoor air pollution. Additional efforts are being made to
promote the use of solar thermal cookers that have been improved to achieve
greater than 80 per cent efficiencies cost effectively. As Lester Brown states:
These inexpensive cookers, made from cardboard and aluminum
foil and costing $10 each, cook slowly, much like a crockpot.
They require less than two hours of sunshine to cook a complete
meal. They can also be used to pasteurize water, thus saving
lives.126
Solar cookers do not simply eliminate indoor air pollution and reduce depen-
dency on scarce wood or biomass supplies needed for cooking, they also reduce
the risks for those collecting fuel, predominantly woman, of being targeted for
violent abuse as they forage further and further into forest areas. A solar
cooking project involving Solar Cookers International and partners, which has
distributed tens of thousands of solar cookers – costing US$30 each – to
women in the refugee camps in Chad and Darfur, has transformed the lives of
women there.
Responding to the need to assist poor families to access clean and cost-
effective forms of lighting and cooking, the Grameem Bank, founded by Nobel
peace laureate Muhammad Yunus, has created a non-profit subsidiary,
Grameen Shakti, which expands on the bank’s original micro-credit financing
model to enable poor people to purchase electricity and cooking systems that
are powered by renewable energy, along with asking every customer to plant
five trees on their property.
The two main options for renewable energy are:
• The solar home system, which incorporates a solar panel, a battery, a
charge controller, a fluorescent tube, an electronic ballast, an installation
kit and connecting devices. The system capacity ranges from 10 to 75 watts
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and has a life of 25 years. Customers can chose to pay a 10–25 per cent
deposit and then 24 to 42 monthly instalments at a flat service charge of
4–6 per cent. According to the programme, the total cost of the most
popular size, a 50-watt system, is US$400 and it can power four to six low-
energy lamps, a radio, a TV and mobile phone charging.
• The biogas plant for cooking uses poultry and cow waste to produce gas
while the remaining slurry can be used in organic fertilizers. The plant
capacity ranges from 1.6m3 to 70m3 of biogas production. The total cost
ranges from about US$215 for an individual household to $1400 for a
cluster of houses.
These initiatives help to generate surplus carbon credits that may be used to
offset emissions in developed countries. This opportunity has already been
recognized by the World Bank in the form of a carbon-offsetting deal for the
company’s solar panel systems. Grameen Shakti was created in 1997, when it
serviced 228 homes. As of 2008, the company had serviced over 135,000
homes, its current rate was 5000 additional homes per month, and has led to
three million trees being planted by customers. Grameen Shakti’s target is to
have one million solar-powered lighting systems and one million biogas plants
by 2015 through enlisting local entrepreneurs who will market, install, repair
and maintain the systems on behalf of the company.127
2 The office and commercial buildings sector
The potential for Factor Five improvements in office and 
commercial buildings resource productivity
This Sector Study complements and updates the discussion on energy produc-
tivity in office/commercial buildings presented in Factor Four, supported by
real world case studies like the ING Bank Headquarters in the Netherlands.
Since Factor Four was written, the growth of the green building industry
globally has been enormous, and this Sector Study, learning from such efforts,
provides a discussion of how to achieve Factor Five improvements in both
energy and water productivity in the commercial building sector, mainly in
office buildings. We recognize that it is also important to address the energy
intensity of materials used in this sector. Rather than cover these here, this
book investigates in depth how to achieve Factor Five resource productivity
improvements in cement and steel production in Chapter 3.
The main focus of this Sector Study is on energy productivity because,
according to the IEA, commercial buildings consume 23.6 per cent of the
world’s electricity. In OECD countries like the US, commercial buildings are
responsible for 18 per cent of the energy usage, and contribute 18 per cent of
greenhouse gas emissions.128 The commercial office building sector is also a
significant user of water. For example, office water use can account for 10 per
cent of capital city water consumption. According to the Australian
Department of Environment, Water Resources, Heritage and the Arts, ‘A
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